Abortions cause heavy economic losses for the bovine sector. The use of a standardized panel of analyses covering a large spectrum of pathogens responsible of abortion in cattle allowed demonstrating the direct involvement of at least one pathogen in 57% of analysed abortions in the southern part of Belgium. This result suggests a margin of improvement in the diagnostic efficacy. In order to evaluate the interest to broaden the list of pathogens included in the panel of analyses, the implication of bovine herpesvirus 4 (BoHV-4) in abortion was assessed by two different studies. In the first study, coupled serology was performed after abortion on 714 dams to identify specific seroconversion against BoHV-4. The overall seroconversion in cows was 19.5%, with a higher frequency in primiparous compared to multiparous females. In addition, the type of breed (beef cattle) and the time period from the fourth quarter 2008 until the last quarter 2009 were significantly related to the seroconversion of cows. The second study investigated the virus ability to infect the foetus. In this study, 368 cases of bovine abortions were specifically tested for BoHV-4, using PCR on foetus tissues and ELISA on dam and foetus sera. The results showed a maternal seroprevalence of 64.7%, a foetal seroprevalence of 0.8% and a PCR prevalence in foetuses of 1.1%, demonstrating the ability of BoHV-4 to infect the foetus.
Introduction
Belgium was recognized officially free from bovine brucellosis in 2003. Consequently, the national surveillance programme has been based on the compulsory reporting of abortions and subsequent analyses on their products. In this context, the Regional Association of Animal Health and Identification (ARSIA), under the supervision of the Federal Agency for the Safety of the Food Chain (FASFC), proposed a large standardized panel of analyses (Table 1) . The panel was designed to extend the diagnosis of bovine abortions on submitted foetuses to other diseases than brucellosis. The aim was to increase the number of abortion declarations by providing the animal's owner and veterinarian an aetiological diagnosis of the abortion. However, determining the cause of bovine abortions is a laborious task, involving methods for direct and/or indirect detection of pathogens such as bacteria (Brucella spp., Campylobacter spp., Coxiella burnetii, Leptospira hardjo, Listeria monocytogenes, Neospora caninum, Salmonella dublin), viruses (bluetongue virus serotype 8 (BTV-8), bovine herpesvirus 1 (BoHV-1), bovine viral diarrhoea virus (BVDV)), several mycotic agents and many other opportunistic bacteria. Despite this wide range of analyses, the cause of abortion could not be determined for a significant number of cases. Therefore, the option to expand the panel of laboratory analyses to other potential pathogens of abortion was evaluated.
In the past, the presence of bovine herpesvirus 4 (BoHV-4) in Belgium was recorded (Wellemans, 1984; Van Malderen et al., 1987; Wellemans and Van Opdenbosch, 1989) , as well as an association between BoHV-4 seropositivity and abortion in cows (Czaplicki and Thiry, 1998; Treilles et al., 2013) . Wellemans and Van Opdenbosch (1989) showed that during abortions 14.1% cows seroconverted against BoHV-4 in Belgium. Furthermore, direct detection of this virus in bovine abortions has been successfully investigated in several studies (Reed et al., 1979; Wellemans and Van Opdenbosch, 1989) . In the state of Dakota (USA), BoHV-4 was isolated from 0.52% aborted foetuses (Kirkbride, 1992) . In Hungary, Deim et al. (2007) demonstrated the presence of BoHV-4 DNA by PCR in the spleen of 7 foetuses (29%) and in 18.18% placentas from 24 aborted cows (Deim et al., 2006) . Foetal serological diagnosis was also made from thoracic fluid (Naeem et al., 1989) where specific antibodies against BoHV-4 were detected in 1.2% aborted foetuses. Furthermore, Deim et al. (2006) could detect BoHV-4 DNA from samples of bovine abortions and successfully localize the virus by in situ hybridization into damaged placental epithelial cells. The intravenous inoculation of BoHV-4 strain LVR140 to pregnant cows caused metritis, approximately one week after parturition Wellemans and Van Opdenbosch, 1987) . In 1976, a strain of BoHV-4, isolated from a case of metritis, was inoculated to cows at different periods of gestation (Kendrick et al., 1976) and two foetuses died in the first half of gestation.
In the absence of an aetiological diagnosis of all bovine abortions in the south part of Belgium, the objectives of this work were (i) to determine the proportion of abortions associated with the BoHV-4 infection, compared to the main causes of bovine abortions and (ii) to verify the ability of the virus to infect foetuses under field conditions. Furthermore, risk factors such as breed, number of parity and month of pregnancy associated with the BoHV-4 exposure in aborted cows that seroconverted, were investigated.
Materials and Methods

Studies and study area
Two studies were conducted in the southern part of Belgium, including five different provinces (Walloon Brabant, Hainaut, Namur, Liege and Luxembourg). In the study area, 12 000 cattle herds with 1 257 000 bovines are registered.
In the first study, coupled serology was performed after abortion on 714 dams to identify specific seroconversion against BoHV-4. In the second study, the virus ability to infect the foetus was investigated and 368 cases of bovine abortions were specifically tested for BoHV-4, with PCR on foetus tissues and ELISA on dam and foetus sera.
Sampling design
Samples were obtained in the context of the passive surveillance programme for brucellosis and collected by the local veterinary practitioner within 48 h after abortion. Samples were sent, together with an anamnesis, to the regional laboratory (Regional Association of Animal Health and Identification, ARSIA).
Between October 2007 and October 2009, a total of 1165 cases of bovine abortions were submitted to the laboratory ( Fig. 1a ). Sera were tested using the standardized panel of analyses (Table 1 ) and were subsequently stored at À20°C. In the first study, 714 bovine abortions (61.29% of the total cases) were further characterized by analyses performed on coupled serum collected by the veterinary practitioner with an average interval of 32 days after the first date of sampling. Of these 714 cases, 705 included a foetus on which both an autopsy and a panel of analyses were performed. In addition, the seroprevalence at the time of abortion was also estimated.
In the second study, only the bovine abortions submitted to the laboratory from January 4 to February 7 2012 together with at least the maternal serum and the aborted foetus were included. Indeed, a total of 593 cases were submitted to the laboratory of which 368 were randomly selected for future analyses (Fig. 1b) .
In the necropsy room, blood was sampled on Whatman 3MM CHRO blotting paper in the heart or the femoral vein of foetus. Briefly, blood spots were dried for 6 h before storage at room temperature until analysis. For analysis, a disc is cut with a card punch to obtain a 6-mm-diameter blood impregnated disc. A disc saturated with blood yields an eluate of 250 ll corresponding to a 1/25 dilution of serum (Bailey et al., 1967) .
The information issued from the anamnesis, such as the sampling date, the herd identification number, the cattle breed, the month of pregnancy and the number of parity, was recorded in the laboratory information management system or in an Access â database. The geographical localization of each case of abortion was possible using the Lambert coordinates and the Belgian cattle identification and movement traceability system (SANITRACE). 
Laboratory analyses
Standardized panel of analyses
In the laboratory, depending on the availability and quality of material, all analyses specified in the standardized panel were made (Table 1) .
Serological diagnosis of BoHV-4
The diagnosis of BoHV-4 in the maternal serum was performed using an indirect ELISA test (Edwards and Newman, 1985; Wellenberg et al., 1999) according to the manufacturer's instructions (BIO K 263/2 â , BioX Diagnostics, Rochefort, Belgium). Concerning the foetal serology, the same ELISA was performed using a 6 mm disc of saturated blood (Bailey et al., 1967) . The optical densities of the positive and negative sera (OD pos and OD neg) and those of all the samples (OD samples) were measured. The following ratio S/P (sample/positive control) expressed in per cent was calculated:
The interpretation of the results was carried out according to the following magnitude scale: negative (ratio ≤30%), + (ratio >30% and ≤60%), ++ (ratio >60% and ≤90%), +++ (ratio >90% and ≤120%), ++++ (ratio >120% and ≤150%), +++++ (ratio >150%).
The implication of BoHV-4 was only suspected if a seroconversion could be observed using two coupled serum samples taken with a minimum interval of 2 weeks. In this study, a seroconversion against BoHV-4 was considered to have occurred if the signal increases by at least two orders of magnitude (for example, À to ++ or + to +++). A primary BoHV-4 infection was considered if a cow was seronegative at time of abortion and become seropositive at the second bleeding with at least two orders of magnitude (≥ ++).
Direct detection of BoHV-4
Direct diagnosis of BoHV-4 was performed on spleen fragments stored at À20°C. DNA extraction was performed using KingFisher According to the manufacturer's instructions, a sample was considered positive for a threshold cycle (=Ct) value lower than 46.
Statistical analysis
The representativeness of the abortion cases included in both studies was verified indirectly with respect to the location (province) and the sampling date, using the Pearson correlation coefficient. Measurement of the relationship between two variables was taken by calculating the Pearson correlation coefficient (r) as parametric test or a Spearman rank correlation (r s ) as nonparametric test (Dean et al., 1990) . The confidence interval (95% CI) of prevalence was estimated using an exact binomial distribution. The increase of BoHV-4 prevalence in time was assessed using a chi-square test for linear trend. In the first study, a univariate analysis and secondly a multivariate logistic regression using backward stepwise analysis were used to check the relation between the BoHV-4 seroconversion of aborted dams and explanatory variables (Petrie and Watson, 2006; StataCorp, 2012) . The following explanatory variables and their respective reference classes were used as follows province of origin of the dam (Walloon Brabant as reference), time of occurrence of abortion (quarter 4 of 2007 as reference), number of parity (first parity as reference) and month of pregnancy (month 3 as reference). The breed (beef or dairy cattle), the aetiological diagnosis (presence or absence) and the opportunistic bacteria (presence or absence) were others explanatory binary variables. In addition, to assess the collinearity, a backward elimination of variables was performed (Preux et al., 2005) . If a variable induced a modification of the odds ratio of more than 20%, this variable was retained in the final model where the interaction was tested in case of biological relevance. Goodness of fit was assessed using the Hosmer-Lemeshow goodness-of-fit test. Statistical analyses were performed using STATA/SE Acad. 12 (Stata Corp., College Station, Texas).
Results
Study 1: BoHV-4 serology associated with bovine abortion During the study period going from October 2007 and October 2009, the Pearson correlation test indirectly confirmed that the samples were randomly selected among all cases of abortions. The random selection was verified considering the time period during which the abortion occurred (expressed in quarters during the study period) (r = 0.98, P-value < 0.0001) and the geographic origin (expressed in provinces) (r = 0.97, P-value = 0.006).
Seroprevalence at the time of abortion In total, 760 cows of 1,158 (65.6%; 95% CI: 62.8-68.4%) were seropositive at first sampling (7 results were not interpretable) and the apparent seroprevalence remained stable during the period from the last quarter of 2007 until the third quarter of 2008. The apparent seroprevalence increased significantly and continuously from the fourth quarter 2008 until the last quarter 2009 (chi-square for linear trend = 24.4; 7 df; P-value = 0.001). In addition, no significant difference in apparent seroprevalence was observed between types of breed (dairy versus beef) (v 2 = 0.99; 1 df; P-value = 0.32).
The seropositivity increased with parity number, going from 50.2% in primiparous to 76.1% in females with ≥4 pregnancies (Table 2) . A linear relationship between the seropositivity and the parity number was noted (r = 0.96, P < 0.04).
Seroconversion
During the first study, 714 cows were sampled a second time after abortion for a coupled BoHV-4 serology. Based on an increase of at least two orders of magnitude of the S/ P ratio between the first and the second sampling, 113 cows were seropositive at the coupled serology against BoHV-4, among the 456 cattle that were seropositive only at first sampling. Of 258 seronegative cows at the time of abortion, 26 seroconverted at the second sampling, suggesting a correlation with BoHV-4 primary infection (Table 3) .
Associated risk factors
Univariate analysis
The breed of the cow was available for 713 (99.8%) analysed samples and 117 of 551 beef cows (21.2%; 95 CI: 17.9-24.9%) seroconverted against BoHV-4 versus only 21 of 162 dairy cows (13.0%; 95% CI: 8.2-19.1). Dairy cows were significantly less likely to be seropositive (OR = 0.55; 95% CI: 0.33-0.90).
The parity of the cow was available for 693 (97.1%) analysed samples, and no significant difference in seroconversion between the number of parity was noted. However, the percentage of primary infection decreased with the number of parity (Pearson's correlation coefficient = 0.98, P-value = 0.0001). This percentage was 4.43% in the primiparous group and decreased to 1.71% in the multiparous group with parity equal or >4.
The month of gestation at the time of abortion was available for 700 (98.0%) samples. The seroconversion percentage increased from 0%, for abortions occurring at 3 months, to 36.0% for abortions occurring at 9 months of gestation (Fig. 2) . A nonparametric relationship between the month of gestation at abortion and the seroconversion percentage was observed (r s = 1, P-value < 0.0001).
Among the 714 cases of abortion with a coupled serology, the foetus could be included in the study in 705 (98.7%) cases and at least one pathogen was identified, using the standardized panel of analyses, in 51.6% abortions (Table 4) . Based on these results, when a seroconversion against BoHV-4 was observed in the dam, the probability of isolating an opportunistic bacteria was significantly more important (OR: 5.29, 95% CI: 2.27-12.30; P-value < 0.001). However, no such association could be observed with primo-infected cows or seropositive cows at first sampling. The most commonly isolated opportunistic bacteria were, in order of importance, Trueperella pyogenes, E. coli, Serratia marcescens and Bacillus spp.
Multivariate analysis
In addition, a multivariate analysis was performed on 700 (98%) cases of abortions including coupled serum. The explicative variables were province of origin of the dam, time of the year when abortion occurred (expressed in Cows with seroconversion are highlighted in grey. A seroconversion against BoHV-4 was considered to occur if the S/P ratio increased by two orders of magnitude (for example, À to ++, or + to +++).
quarter), type of breed (beef or dairy), month of gestation, aetiological diagnosis and opportunistic bacteria listed in Table 1 . Dairy was less likely to seroconvert than beef cows (OR = 0.45; 95% CI: 0.27-0.77; P-value = 0.003), and, in comparison with the late quarter of 2007, the second quarter of 2008 was more at risk (OR = 2.62; 95% CI: 1.28-5.39; P-value = 0.009), while the first quarter of 2009 was less at risk (OR = 0.46; 95% CI: 0.23-0.92; P-value = 0.03) ( Table 5 ). The interaction between the two retained variables was not tested because of the lack of biological relevance. The Hosmer-Lemeshow test showed that the final model fit the data well (v 2 = 0.82, df = 5, P-value = 0.99).
Study 2: BoHV-4's ability to infect the foetus
The representativeness of included abortion cases was verified indirectly using Pearson's correlation coefficient (r).
The sample analysed at the beginning of 2012 was representative of all cases of abortions considering the time period during which the abortion occurred (expressed in quarters during the study period) (r = 0.97, P-value = 0.006) and the geographic origin (expressed in provinces) (r = 0.96, Pvalue = 0.01). All pathogens included in the panel of analyses (Table 1) were investigated, and the results of the different tests are presented in the Table 6 . The degree of conservation of all foetuses included in the study (n = 368) was sufficient, and at least one pathogen, potentially responsible for the abortion, was identified in 209 (56.8%) cases.
During this second study, antibodies against BoHV-4 were identified in sera of 279 cows of 368 cows collected after abortion (75.8%; 95% CI: 71.1-80.1%). The DNA of BoHV-4 was detected by PCR in the spleen of four foetuses (1.1%), and for three of them, no other specific pathogens or opportunistic bacteria could be identified (Table 7) . These four foetuses aged between 6 and 9 months and came from seropositive cows at the time of abortion. However, these four foetuses were all seronegative regarding to BoHV-4. On the contrary, in the foetus where the highest Ct value for BoHV-4 could be measured in the spleen, an opportunistic bacterium (Trueperella pyogenes) was isolated from the abomasal fluid. The four PCR-positive samples presented a Ct value varying from 23 to 36. Three BoHV-4 seropositive but PCR-negative foetuses (0.8%) were detected and were derived from seropositive cows. Opportunistic bacteria were isolated on the abomasal fluid of one of these three cases (E. coli).
The parity of the dams having had abortion was available for 299 of the 368 samples. Seropositivity by age group varied from 57.6% in primiparous to 95.0% in multiparous female with more than ≥4 pregnancies. A linear relationship existed between the number of parity and seropositivity (r = 0.95; P-value = 0.05).
Discussion
The results of the first study confirmed that BoHV-4 infection was enzootic in the southern part of Belgium between 2007 and 2009 as already previously demonstrated (Van Malderen et al., 1987; Van Opdenbosch et al., 1986; Wellemans and Van Opdenbosch, 1989; Fitton et al., 1990 ; Cza- Table 5 . Risk factors associated with BoHV-4 seroconversion in dams after abortion using a multivariate logistic regression BVDV, bovine viral diarrhoea virus; BoHV-4, bovine herpesvirus-4; Ab, antibody. Table 7 . Results of the specific BoHV-4 analysis in abortions (n = 368)
Maternal serology Foetal serology Foetal PCR (Ct value) Number
Maternal and foetal serology by semi-quantitative ELISA (À to +++++); PCR results were qualitative (À or +).
plicki and Thiry, 1998) . However, a significant increase in the proportion of BoHV-4 seropositive animals in the population of cows having abortion was detected, from the fourth quarter of 2008 until the last quarter of 2009. The introduction and circulation of a new strain of BoHV-4 could be a hypothesis explaining this observation. Verna et al. (2012) showed the existence of a high variability among the BoHV-4 strains isolated from vaginal discharges of aborted cows. Unfortunately, no sample was conserved to test this hypothesis in this current study.
In our study, a relatively high seroconversion was observed at the time of abortion (primary infection or reactivation). However, this production of antibodies could have been induced by a post-partum metritis caused by the BoHV-4.
The seroconversion percentage in beef cows was significantly higher compared to dairy cows. However, no significant difference between types of breed was observed at the first sampling alone (at abortion). These data suggest that viral exposure was identical for both breeds, with viral reactivation being more frequent in beef cows. Perhaps a more intense stress in beef cows could be at the origin of the more frequent viral reactivation. Unfortunately, no additional conclusions about the breed could be brought after the second study because of the too low number of infected foetuses.
The purpose of the second study was to determine the ability of the virus to infect the foetus. The number of BoHV-4 infected foetuses (positive foetus by PCR or ELISA) was low, but non-negligible in comparison with others causes of abortions identified within the same population (Table 5 ). In the literature, the presence of BoHV-4 in aborted foetuses has already been investigated. Indeed, this virus has been isolated from aborted foetuses (Reed et al., 1979; Kirkbride, 1992; Wellemans and Van Opdenbosch, 1989) . In Hungary, Deim and collaborators demonstrated the presence of BoHV-4 DNA in 18.18% of placentas from aborted cows in 2006 and in the spleen of 29% foetuses in 2007. In the department of Manche (France), which is geographically close to our study area, the apparent prevalence of BoHV-4 was 6.9% in 2009 (Leboeuf, 2013) . The same study was completed in 2012, with 1102 samples, and BoHV-4 was found by PCR in 6.6% aborted cows (Treilles et al., 2013) , which was significantly higher than what observed in our study at the same period.
The real-time PCR technique used for the direct diagnosis allows quantifying the viral DNA present in the sample. In the four PCR-positive samples, an inverse relationship between the Ct value and the importance of the serological reaction of the cow was observed (Table 7) . Indeed, the foetus with the lowest Ct value (corresponding to the highest viral DNA detection) came from a weakly seropositive dam, while the foetus with the highest Ct came from a strongly seropositive dam. These observations could suggest an occurrence of a more recent infection in foetuses having the highest DNA detection and contemporarily in dams having the lowest seropositivity. Unfortunately, the presence of a small number of observations does not allow any further conclusions, but brings interesting data for a future study. Foetal serological diagnosis was already performed by Naeem et al. (1989) , who identified specific BoHV-4 antibodies in thoracic fluids of 1.2% aborted foetuses. Transplacental transmission of BoHV-4 occurs without causing systematic foetal death (Egyed et al., 2011) . In our study, despite the dams being all seropositive, foetal seroprevalence was only 0.8%, without viral DNA detection by PCR in the spleen of the foetuses. These results seem to confirm the transplacental passage of BoHV-4, causing an immune response of the foetus.
Detection of BoHV-4 DNA or antibodies in aborted foetuses does not prove with certainty the role of the virus in the aetiological diagnosis of abortion, but may simply result from his presence in time of sampling or from his anterior passage. Direct diagnosis of BoHV-4 should be interpreted with great caution but is still of prime importance for diagnosis at herd level.
BoHV-4 massive infection of blood mononuclear cells could lead to a deterioration of the immune response opening the way for a multitude of clinical expressions (Thiry, 2007) . As an example, immunodepression could promote the emergence of opportunistic pathogens with BoHV-4 acting as a determining factor allowing other opportunistic pathogens to intervene in the pathogenesis of abortion. Several bacteria (Arcanobacterium pyogenes, Escherichia coli, Streptococcus spp., Citrobacter spp.) were isolated from vaginal exudates in cows clinically or subclinically affected by metritis and showing seroconversion to BoHV-4 (Monge et al., 2006; Nak et al., 2011) . The concomitant isolation of viruses and bacteria in the course of endometrial inflammation could be linked to a viral reactivation and the contamination by opportunistic bacteria (Donofrio et al., 2008; Sheldon et al., 2009) . Similarly, Van Opdenbosch and collaborators proposed that the BoHV-4 induced immunosuppression could enhance the proliferation of opportunistic bacteria (Van Opdenbosch et al., 1984) . In addition, during the second study, one or several pathogens were isolated with bacteriological analyses on the abomasal fluid from 4 of the 7 infected foetuses. Our results are in favour of the hypothesis that in the course of metritis a concomitant participation of viral and bacterial pathogens could occur (Monge et al., 2006; Nak et al., 2011) .
The high level of BoHV-4 seroprevalence found in cattle confirmed the enzootic situation in the southern part of Belgium, as well as the frequent viral circulation among the cattle population having abortion. The seropositivity found in bovine during both studies was higher than those observed in the same area during previous studies (Van Malderen et al., 1987; Czaplicki and Thiry, 1998) .
Conclusions
Despite the fact that the role of BoHV-4 as aetiological agent of a specific entity remains a matter of controversy, these two studies showed a high seroconversion for this pathogen in bovine at abortion, the proof of a foetal immunity response and the direct diagnosis of this virus in foetal spleen. These results constitute additional arguments of the possible involvement of BoHV-4 in abortion in the southern part of Belgium.
